RNA silencing has had a large impact on biology in general, as well as on our understanding of plantpathogen interactions, especially interactions between plants and viruses. While most of what we know about the mechanism of RNA silencing was deduced in the last 12 years, many of the interactions between plants and viruses, as well as virus-virus interactions in plants, which we now know are manifestations of RNA silencing, were the subject of decades of work from numerous laboratories. These laboratories were examining the nature and extent of phenomena such as recovery from infection, the formation of dark green islands resistant to re-infection, synergy between unrelated viruses and cross-protection between related viruses, all first described in the late 1920s. In this review, the relationships between these phenomena and their place in the defense mechanism we call RNA silencing will be described, to show how they are all linked.
RNA silencing or RNA interference (RNAi) in animals is a system for regulation of ectopic gene expression, posttranscriptional RNA turnover, removal of aberrant RNAs, silencing of retrotransposons, and defense against virus infection (Brodersen and Voinnet, 2006; Carr et al., 2010; Chitwood and Timmermans, 2010; Csorba et al., 2009; Ding and Voinnet, 2007; Eamens et al., 2008; Lewsey et al., 2009; Moazed, 2009; Li and Ding, 2006; van Rij and Andino, 2006; Vaucheret, 2006; Voinnet, 2005a, b) . This process regulates organismal development as well as the normal maintenance of homeostatic gene functions. Although the research that led to the discovery of RNA silencing by double-stranded (ds) RNA, culminating in the Nobel Prize in Physiology and Medicine being awarded in 2006 to Fire and Mello, was developed first in a free-living nematode (Fire et al., 1998) , the phenomenon of RNA silencing itself was known some years earlier in plants starting with the discovery that transgenic sense and antisense RNAs could both suppress the expression of a related gene (Jorgensen et al., 1996; van der Krol et al., 1990; Napoli et al., 1990; Smith et al., 1990) . Subsequent work in plants led to the idea that there was some sort of plant surveillance system which could degrade RNAs, producing small RNAs, and that the plant-encoded RNA-dependent RNA polymerase (RdRp) possibly was involved in this process (Goodwin et al., 1996; Lindbo et al., 1993) . In the following years, small RNAs of 21−25 nt were found associated with degradation of transgene RNAs (Hamilton and Baulcombe, 1999; Mette et al., 2000) and the tomato RdRp gene (RDR) was isolated and characterized (Schiebel et al., 1998) . Soon thereafter, genes in a bread mold (Cagoni and Machino, 1999) , a nematode (Schmardon et al., 2000) and a plant (thale cress; Dalmay et al., 2000; Mourrain et al., 2000) involved in RNA silencing all were found to be similar to the tomato RDR gene. Later, it was shown that while there was only one RDR gene in lower eukaryotes, there were six RDR genes in Arabidopsis thaliana and that different RDRs were involved in either overlapping or distinct pathways in RNA silencing (Chan et al., 2004; Garcia-Ruiz et al., 2010; Qu et al., 2005; Schwach et al., 2005; Wang et al., 2010; Yang et al., 2004; Yu et al., 2003) . Thus, it became clear that plants, fungi and (some) animals all contained a novel RNA degradation system that regulated gene expression. In congruence with the discovery that plant viruses encoded suppression proteins of this cell surveillance system (Csorba et al., 2009) , it was apparent that this RNA degradation system also was involved as a novel virus resistance mechanism distinct from the innate immunity system common to resistance to various pathogens in plants (Chisholm et al., 2006) . While many details of the components of this system were first described in animal models (Dicer, RISC, Argonaute-like proteins, miRNAs, etc.), further work in plants complemented the work in animal models and extended them. This was due largely to the number of orthologous genes involved in overlapping or unique aspects the RNA silencing pathway, the wealth of mutants affecting various steps in RNA silencing in A. thaliana, and the plethora of plant virusencoded suppressors of RNA silencing (VSR), which delimited and refined the mechanism of the RNA silencing pathway. Similarly, while practical applications of RNA Although RNA silencing and various related aspects, such as ectopic gene regulation, are at the forefront of molecular biology, many of the manifestations of RNA silencing were known for many decades, although their significance and mechanistic details were obscure. In epistemological terms, they were unknown knowns; i.e., something we knew of, but did not understand where it fit or what it meant. This mini-review will recapitulate these early phenomena associated with plant virus interactions in plants, showing how they are associated with various aspects of RNA silencing and its suppression.
Recovery
The description by Wingard (1928) of the course of infection of the nepovirus tobacco ringspot virus, included the observations that after some time, the new leaves that emerged were symptomless and also were resistant to reinfection by the same virus. Similar observations were made over the intervening decades with alfalfa mosaic virus (Ross, 1941) , other nepoviruses (Harrison, 1958; Lister and Murant, 1967) , tobacco rattle virus (TRV; Cadman and Harrison, 1959) and cauliflower mosaic virus (CaMV) in kohlrabi (Al-Kaff and Covey, 1995) . In addition, except for CaMV, these other viruses also were all seed transmissible to some extent (Mink, 1994) , indicating a link between the recovery state and the ability to enter the meristem. However, the nature of the recovery state remained a mystery until the late 1990s. The seminal work that explained the nature of the recovery state was preceded by observations from some lines of transgenic plants expressing viral sequences. It was observed that plants expressing moderate-to-high levels of the viral transgene would initially become infected by the corresponding virus, but then these plants would recover from infection at which point they also had no detectable virus in the upper leaves and suppressed accumulation of the transgene RNA (Lindbo et al., 1993; Smith et al., 1994) . Those authors suggested that such transgenic plants may require infection of the apical meristem to bring about this recovery state, which was caused by activation of the RNA degradation system (Lindbo et al., 1993) . Following on from this work, Covey et al. (1997) and Ratcliff et al. (1997) independently showed a linkage between recovery and what we now call RNA silencing. Covey et al. (1997) showed that the CaMV 35S and 19S RNAs were degraded in recovered kohlrabi plants, while host RNAs were not affected, demonstrating that the effects observed in virus-infected, recovering transgenic plants also occurred in plants that were recovering from virus infection but in the absence of a viral transgene. This indicated that the two types of recovery probably were related, mechanistically. Ratcliff et al. (1997) re-examined the recovery observed during infection by a nepovirus, tomato black ring virus, and the ability of such recovered plants to resist re-infection. They showed that the recovered tissue did contain low levels of virus, but could not be reinfected by the same virus or a closely related strain of the same virus, yet these tissues could be infected by a different nepovirus or an unrelated virus, potato virus X (PVX). In addition, such recovered plants also could not be re-infected by a PVX vector containing sequences of tomato black ring virus, indicating that the mechanism preventing replication of the second virus was based on the relatedness of the RNA sequences of the two viruses. A similar approach was then used to show that plant tissue that had recovered from infection by TRV expressing the green fluorescent protein (GFP) was immune to re-infection by PVX expressing the enzyme β-glucuronidase (GUS) and part of the GFP gene, but not to PVX-GUS alone (Ratcliff et al., 1999) . In a quite different situation, after infection by cucumber mosaic virus (CMV), the plants showed only a transient recovery leading to a cycling of symptoms in tobacco (Gal-On et al., 1995; Loebenstein et al., 1977) and Nicotiana benthamiana (Fukuzawa et al., 2010) . Interestingly, in N. benthamiana (Fukuzawa et al., 2010) , but not tobacco (Shams-Bakhsh et al., 2007) , transgenic expression of HC-Pro, a VSR from potato virus Y (PVY), prevented the cycling of symptoms induced by CMV. Unlike tobacco (Xie et al., 2001) , N. benthamiana does not contain a functional RDR1 (Yang et al., 2004) . These experiments all demonstrated that recovery was a manifestation of RNA silencing.
What exactly initiates recovery in such plants remains unclear, but it does appear to relate to the invasion of the meristem by the virus at some stage during infection, and shortly thereafter RNA silencing leading to recovery is activated. Prior to this step, the virus is able to evade or suppress the RNA silencing mechanism. Apparently, the ability of RNA to enter the meristem is compromised by several VSR (Foster et al., 2002; Martínez-Hernández and Baulcombe, 2008; Sunpapao et al., 2009) and in some cases, RDR6 is involved in preventing RNAs from entering the meristem (Di Serio et al., 2010; Qu et al., 2005; Schwach et al., 2005) . Additionally, in some cases, the level of RDR6 mRNA was down-regulated by the action of VSR (Zhang et al., 2008) . Similarly, seed transmission, which is linked to entry of viruses into the meristem, has been mapped in some cases to viral genes now known to be VSR (Csorba et al., 2009; Edwards, 1995; Johansen et al., 1996; Maule and Wang, 1996: Wang et al., 1997) . These studies all provide further links between recovery, entering the meristem, seed transmission, and the RNA silencing system.
